ABSTRACT: Pre-dispersal seed predation by a granivorous bird, the masked grosbeak (Eophona personata, Fringillidae), was investigated in two bird-dispersed trees, Celtis sinensis and Aphananthe aspera (Ulmaceae). The objectives of this study were to 1) measure direct damage of predation by grosbeaks on plant crops, 2) reveal the temporal pattern of predation within each tree species and its causal factors, and 3) test whether foraging grosbeaks hinder foraging of frugivorous birds, thereby indirectly impacting the reproduction of both tree species. A substantial amount of fruit and seed crop was consumed by grosbeaks (24.3% in Celtis; 55.5% in Aphananthe), and only 17.7% (Celtis) and 16.7% (Aphananthe) were removed by frugivorous birds. At the study site, the grosbeak population size fluctuated greatly during the fruiting seasons of both plant species. As for Celtis, predated seed density also fluctuated temporally, and the local population size of grosbeaks was responsible for predated seed density. In Aphananthe, predation was not fully explained by grosbeak populations or plant phenology, but its peak coincided with that of grosbeak population. These results suggest that predispersal seed predation by granivorous birds can have large negative impacts on the bird-dispersed plants.
INTRODUCTION
Pre-dispersal seed predation is one of the major factors limiting plant reproductive success and has a large impact on plant population dynamics (Crawley 1992 , Ehrlén 1996 , Hulme and Benkman 2002 . Bird-dispersed plants with fleshy fruits whose seeds are removed and dispersed by frugivorous birds (van der Pijl 1982) also suffer pre-dispersal seed predation by various organisms (Herrera 1982 , Traveset 1994 , Whitney and Stanton 2004 . Among various organisms that consume seeds, granivorous birds are thought to be the main agents of pre-dispersal seed predation (Crawley 1992, Hulme and Benkman 2002) . Granivorous birds have several characteristics that make them important seed predators; they have special organs (thick bills or muscular gizzards) to destroy hard pericarps, and they can effectively feed on both the embryo and endosperm inside seeds (Traveset 1994) . In addition, some granivorous birds form flocks, and often migrate and feed on seeds in flocks (Cody 1971 , Benkman 1988 , 1997 . These flocks of granivorous birds have the potential to consume large amounts of seeds on trees.
However, in bird-dispersed plants, pre-dispersal seed predation by granivorous birds has received little attention, and its impacts on plant reproduction are poorly understood (Snow and Snow 1986) . Granivorous birds can damage fruiting plants in two ways. At first, they damage fruiting plants directly by destroying seeds that might otherwise be dispersed by frugivorous birds (Jordano 1982 , Englund 1993 , Traveset 1994 . Secondly, they may indirectly damage fruiting bird-dispersed plants through interactions between birds (Snow and Snow 1986); granivorous birds feeding on plants, especially when the birds are in flocks, may interfere with foraging of frugivorous birds and thereby hinder seed dispersal.
The temporal pattern of seed predation reflects the behaviors of seed predators and may have serious implications with regard to plant damage (Forget et al. 1999 , Hammond et al. 1999 ). In the case of flock-forming granivorous birds, their local population can fluctuate greatly around a fruiting tree, depending on the flock migration. At the same time, the amount of ripe seeds on the plant, i.e., the food available to seed predators, changes temporally according to the fruiting phenology of the plant and the consumption of fruit and seeds by birds (Okamoto and Kitajima 1988) . Although these factors are expected to define a pattern of predation, the temporal pattern of predation in a tree and the associated causal factors have not been clearly determined. Moreover, temporal patterns of seed predation and seed removal can reflect foraging interactions among granivorous and frugivorous birds. If foraging by granivorous birds hindered foraging by frugivorous birds, seed removal by frugivorous birds would have been expected to decrease, while consumption of seeds by granivorous birds would been expected to increase. Thus, by comparing temporal patterns of seed predation and plant seed removal, we can test whether granivorous birds are hindering seed dispersal by frugivorous birds.
In this study, we focused on the relationships between a granivorous bird, the masked grosbeak (Eophona personata, Fringillidae) and two bird-dispersed Ulmaceae trees, Celtis sinensis and Aphananthe aspera. These two trees are common bird-dispersed trees in lowland forests in temperate regions of Japan and are sometimes dominant in these forests. As indicated by several reports in the literature (Kiyosu 1951 , Chiba et al. 1972 , Kanagawa Branch of Wild Bird Society of Japan 2007), masked grosbeaks often consume Celtis and Aphananthe seeds in flocks. Consequently, masked grosbeaks would be expected to have a large negative impact on these trees. We investigated predispersal seed predation by grosbeaks continuously throughout the fruiting period in one tree of each species. The objectives of this study were as follows: (1) to measure direct damage caused by granivorous birds to seed predation of fruiting plants, in particular C. sinensis and A. aspera; (2) to investigate the temporal pattern and determinants of seed predation within these plants; and (3) to test whether granivorous birds indirectly damage fruiting plants by hindering foraging of frugivorous birds. Thus, we addressed the following questions: (1) What proportion of the whole crop is predated by grosbeaks? (2) How does the size of the granivorous bird population change temporally? (3) What is the temporal pattern and determinants of predation within plants? (4) Do granivorous birds hinder foraging by frugivorous birds?
MATERIALS AND METHODS

Study Site
The study was conducted in a forested botanical garden of the Graduate School of Science, Kyoto University (N35°2', W135°47'; 70 m elevation) in central Japan, from July to December 2004. This region falls in a temperate climate zone, with an annual mean temperature of 16.1℃; the annual precipitation in 2004 was 1994 mm (Field Science Education and Research Center of Kyoto University 2007). The study site (about 2 ha), which comprises a botanical garden (founded in 1923) neighboring the Kyoto University campus, is located in an urban area of Kyoto City at about 900 m from the mountain forests. The abundant surrounding green areas have encouraged a diverse population of birds (Nimura 1993). The forest includes cultivated trees, but is now dominated by naturally grown trees, such as C. sinensis and A. aspera (Hatakeyama et al. 1973 ).
Established at the site are 14 C. sinensis trees and 17 A. aspera trees with diameters at breast height (DBH) > 5 cm. For this study, we selected one adult fruiting individual from each species (Celtis: DBH = 53 cm, height = 25 m; Aphananthe: DBH = 45.2 cm, height = 20 m). We selected these trees because of the following reasons: (1) they are middle-sized trees among the other conspecific trees at the site; (2) their canopies did not spatially overlap with those of neighboring conspecific trees; and (3) they produced an abundant crop in the study year. The trees of the two species show considerable among-year variation in crop size, producing only small crops in some years; however, these variations are not synchronous within their populations (T. Yoshikawa, unpublished data). Therefore, our focal trees were selected as representative of the trees with fertile crops in their populations.
The site also constitutes other fleshy-fruited plants, such as Ficus erecta, Ilex chinensis, Ramnella fraguloides, Swida macrophylla, and Celtis biondii, whose fruiting periods overlap those of our focal trees. Frugivorous birds such as the brown-eared bulbul and Japanese white-eye presumably consume the fruits of these plants; however, the biomass of these plants at our site is smaller than our focal trees. Grosbeaks rarely consume the seeds of these plants, except those of Celtis biondii (Ulmaceae; five trees at the site), which bear ripe fruits from October to December (T. Yoshikawa, unpublished data). Grosbeaks also consume seeds of some winddispersed trees (e.g., Acer palmatum, Zelkova serrata, or Ailanthus altissima) at the site.
Plant Species
Celtis sinensis (Ulmaceae, hereafter Celtis) is a bird-dispersed, deciduous tall tree that is distributed in Japan, Korea, and China and grows in open habitats with moderate humidity. Bisexual and male flowers bloom from March to April (Satake et al. 1999 ) and fruits grow rapidly in May (Okamoto and Kitajima 1988) . In August, unripe (green) fruits begin ripening (orange). The ripe drupe of Celtis (6 mm in radius) comprises a single, nearly round seed (3 mm radius) surrounded by a fleshy pulp. No insect seed predators were found at the study site, although a species of weevil fed on sap on the surface of unripe fruits in early summer (T. Yoshikawa, personal observation).
Aphananthe aspera (Ulmaceae, hereafter Aphananthe) is also a birddispersed, deciduous tall tree. It is distributed in Far East Asia around Japan and grows in open habitats. Female and male flowers bloom in April～May (Satake et al. 1999) . The fruits grow rapidly in May, but unripe (green) fruit begins ripening (black) in September, shortly after Celtis (Okamoto and Kitajima 1988) . A ripe drupe (10 mm in radius), which is larger than that of Celtis, consists of a single, nearly round seed (6 mm in radius) surrounded by a fleshy pulp.
